Electromagnetic bandgap (EBG) synthesizer using genetic algorithm has been applied for noise suppression in mixed signal system applications. EBGs have been successfully synthesized, designed, simulated, fabricated, and measuredfor noise isolation in mixed signal systems.
I. Introduction
Analog-to-digital converters (ADCs) and digital-to-analog converters (DACs) are one of the most ubiquitous and sensitive devices in mixed-signal systems. These 
Instruments (TI).
For example, as shown in Fig. 1 , RFtanalog parts exist with digital circuits in wireless-infrastructure system applications. Since high-speed and high-resolution ADCs are extremely sensitive, a noise spike from digital circuits can affect ADC performance. Hence, noise suppression is a major bottleneck in wireless system technology because of the reduced noise margins
There have been many research efforts to isolate the sensitive RF/analog circuits from power/ground noise generated by the digital circuits in high-speed mixed-signal systems where digital and RF/analog circuits coexist. The typical approach is to split the power/ground plane. The slot in power/ground plane can partially block the propagation of power/ground noise. However, the power/ground noise can still couple through the slot at high frequencies. In addition to this, split power/ground planes can't be used for systems requiring the same DC power supply. Hence, filters using ferrite beads have been used to isolate power/ground noise while keeping the same DC power supply [2] transitions, but also this synthesizer can synthesize EBG structures having holes for given via locations.
IV. Synthesis Method
To apply GA to EBG synthesis, an EBG structure needs to be encoded in terms of genes. An EBG structure is a periodic structure consisting of identical metal patches in the vertical and horizontal directions as shown in Fig. 3 . Dispersion diagram analysis [6] has been implemented for fitness check in this synthesizer so that a patch making up an EBG structure is enough for encoding instead of the whole EBG structure. A patch making up an EBG structure is discretized into unit cells. Fig. 3 shows an example of a patch discretized by 5x5 cells. Each unit cell is expressed with digital symbols according to whether it is a void or a solid. For a void unit cell, '0' is assigned, and for a solid unit cell, '1' is assigned. Finally, a patch can be expressed by a string of digital symbols as shown in Fig. 3 .
Input parameters included in this synthesizer include the on-set frequency of the band gap, the size of a patch making up an EBG structure, and the size of a discretized unit cell of the patch. In addition, it includes information for the available dielectric material, in terms of thickness, loss tangent and dielectric constants, and it includes information for the available conductor material, in terms of thickness and conductivity. It also includes the frequency range for simulation and the number of initial populations. Shown in Fig. 4 is the overall block diagram of the EBG synthesizer using GA. As shown in Fig. 4 , the EBG synthesizer using GA has been fully automated by combining GA with the finite-difference frequencydomain (FDFD) method [7] and dispersion diagram analysis [6] .
Since randomly generated genes might result in a discontinuous patch shape of an EBG structure, a new method was suggested in this synthesizer. Instead of creating initial populations at random, this method starts from most reliable population (a solid patch having no holes), and then chooses columns and rows which will be created in terms of genes at random. Here, it is important to constrain the number of columns and rows chosen for creating to be less than 50 % of the total number of columns and rows. An increase in this percentage would increase the possibility of generating discontinuous patch shape. ( Fig. 4 . Overall block diagram of electromagnetic band gap (EBG) structure genes to apply GA to EBG synthesis. synthesizer using genetic algorithm.
V. Results
As an example of the use of the proposed EBG synthesizer for mixed signal system applications, consider a mixed signal system in which there are an ADC and digital processors powered using a common power supply. The processors drive a 2.4 GHz bus. Switching noise generated in the digital sub-system couples into the ADC through the common power supply.
To isolate the ADC from the switching noise generated by the digital processors, an EBG structure has been synthesized with the EBG synthesizer. Fig. 5 shows the result of the synthesis. As shown in Fig. 6 , the synthesized EBG structure in Fig. 5 shows good stop band characteristics around 2.4 GHz.
In order to verify the synthesized result, the EBG structure has been fabricated using standard FR4 process. The photo of the fabricated EBG structure is shown in Fig. 7 . S-parameter measurements were carried out using a PNA Series Network Analyzer (E8363B) from Agilent Technologies. Fig. 8 shows the S-parameter result for the fabricated EBG structure. The measured S21 shows very good agreement with the synthesized data.
VI. Impacts on ADC To see the impacts of switching noise on ADC performance, the synthesized EBG structure in Fig. 5 was implemented as the power distribution system. The switching noise generated by the digital sub-system driving a 2.4 GHz bus was coupled into the ADC (4-bit resolution, FSR =V) through the common power supply. Fig. 9 shows simulated ADC outputs using ADC model in HP-ADS where the power distribution system has been implemented with and without the EBG structure in Fig. 5 . Fig. 9 (a) shows ADC performance wo EBG, and Fig. 9 (b) shows ADC performance w EBG. As shown in Fig. 9 , the better performance of ADC was achievedwf EBG because high-isolation (refer to Fig. 6 ) with the EBG structure suppressed noise coupling.
VII. Conclusion
In this paper, EBG structures have been synthesized for mixed signal system applications with EBG synthesizer using genetic algorithm. The EBG structures were designed, simulated, fabricated, and measured successfully for noise isolation. The noise suppression with the EBG structure has resulted in better performance of ADC. .r
